Many electron microscope studies have been available on the nucleolus-like inclusion bodies in the cytoplasm of nerve cells and other cells of normal mammals (SHIMIZU and IsHII, 1965; KAWABATA, 1965; LE BEUX, 1971; SANO and SOTOKAWA, 1971; ANZIL et al., 1973; BEAL et al., 1977; VAN HOUTEN and BRAWER, 1978; TASSO and RUA, 1978; TAKEUCHI, 1980 TAKEUCHI, , 1981 . Morphologically, these inclusion bodies consist of larger and smaller granules and filamentous substances, and the main components are reported to be composed of proteins and ribonucleic acid (RNA) (GRILLO, 1970; SANTOLAYA, 1973; HINDELANG-GERTNER et al., 1974; KATOH and SHIMIZU, 1982b; TAKEUCHI and TAKEUCHI, 1982) . However, the light microscopic stainability, quantities, chemical characteristics and functional significance of the inclusion bodies have not yet been clarified. The present investigators found inclusion bodies characteristically stainable with
Holmes's silver method in the paraffin sections of the mouse brain, and demonstrated that they were essentially the same as the nucleolus-like inclusion bodies (KATOH, 1982a; KATOH and SHIMIZu, 1982a) . Further observation on the entire mouse brain revealed that the inclusion bodies appeared in the autonomic system, including the hypothalamus, limbic system and circumventricular organs (KATOH and SHIMIzu ,1982b) In the present experiment, the authors examined the locus coeruleus , where the inclusion bodies are most numerous, with an aim to observe the quantitative changes in the inclusion bodies in the region after dehydration, fasting, dehydration plus fasting, stress, and the administration of insulin and medicaments which alter monoamines in the brain, and those inhibiting synthesis of various proteins and nucleic acids . The percent changes in mouse body weight after various experiments are given in relation to the changes in the number of inclusion bodies.
MATERIALS AND METHODS
Twenty normal male ddY mice (weighing about 25 g) were used in this study .
With an intention to examine the quantitative changes in the inclusion bodies in the locus coeruleus under various experimental conditions, ddY mice (weighing about 25g) were used for the following experiments: 1) Seven mice for control were injected intraperitoneally with physiological saline solution (0.3 ml) once a day for three successive days.
2) Five mice of each type were used for dehydration (given only a solid diet of dried feed), fasting (water only) and dehydration plus fasting (neither feed nor water), for 3 to 6 days.
3) Ten mice were exposed to stress in a cold bath (at 20°C) with a water depth of about 5 cm for 4 hrs and 8 hrs.
4) Fifty-eight mice were injected twice with reserpine (5 mg/kg). Forty-eight of them were selected to observe recovery until the 18th day at 3-day intervals after injections.
5) Ten animals were injected twice with «-metyl-p-tyrosine (75 mg/kg , a suspension to which a small amount of 1N-HC1 was added). 6) Ten animals were injected three times with nialamide (300 mg/kg, dissolved perfectly by adding 1N-HC1).
7) Ten animals were injected with insulin (400 U/kg) three times at 12 hrs intervals.
8) Ten animals each were injected twice with cycloheximide (100 mg/kg, adding alcohol at the ratio of 5%), puromycin (200 mg/kg) and streptomycin sulfate (500 mg /kg), which are a protein synthesis inhibitor. 9) Ten animals each were injected once with actinomycin D (1.33 mg/kg, adding a small amount of acetone) and twice with mitomycin C (5.2 mg/kg), which are inhibitors of nucleic-acid synthesis.
Drugs other than insulin and reserpine were dissolved in physiological saline solution (0.1-0.2 ml). The method of administration was, in principle, intraperitoneal on successive days. Animals were sacrificed a day after the final injection .
All animals were perf used under ether anesthesia through the left ventricle with a mixture of 2% paraformaldehyde and 2.5% glutaraldehyde (Karnowsky solution) for 10 min (45 ml/min). The brains were excised and fixed in the same solution for 3 days.
The samples were rinsed with water, dehydrated in ethanol series, and embedded in paraffin, as usual.
Next, the serial paraffin sections of the locus coeruleus region (3-5 fem) were stained according to the modified Holmes method (KATOH and SHIMIZU, 1982a) , and the inclusion bodies in the unilateral locus coeruleus were counted under the light microscope.
The body weight of all animals immediately before perfusion was divided by the body weight at the start of the experiment in order to determine any changes, and the results were presented as percentages.
RESULTS

Normal MY mice
Observation of the locus coeruleus stained with a modified Holmes method showed one or however rarely, two inclusion bodies (round-shaped), 1-3 fem in diameter stainable strongly positive similar to the nucleolus, in almost all locus coeruleus cells and in a few of the small oval cells (Fig. 1) . Counting all but the small oval cells of the locus coeruleus revealed about 1,300 cells, with no observable difference between the right and left sides; inclusion bodies within them numbered 1,547±144 (n-20).
2. Various experiments using ddY mice (Table 1) In the control animals to which a physiological saline solution was administered, the body weight increased slightly (104.9±4.1°°), and their appearance was almost unchanged from the normal state. However, presumably due to stress by the injection, the number of inclusion bodies decreased slightly to 1,427±174. 2. Light micrograph of a paraffin section of 5 ftm thickness stained with modified Holmes method for a dehydrating plus fasting mouse (for 4 days). Inclusion bodies (arrows) are markedly decreased in number in the locus coeruleus.
x 320 Inclusion bodies (arrows) are markedly decreased in number in the locus coeruleus.
x 320 Light micrograph of a paraffin section of 5 lem thickness stained with modified Holmes method for a cycloheximide (100 mg/kg, 2 times) injected mouse. Inclusion bodies (arrows) are decreased in number in the locus coeruleus. x 320
All the solvents were also examined similarly to the physiological saline, but no significant changes in the number of inclusion bodies were detected.
In mice kept under dehydration or fasting, the body weight decreased to 70.6 +5.8% and 68.1±5.90, respectively, and the number of inclusion bodies, decreased to 1,131±348 and 834+291, respectively, as well.
The severest consumption was noted in mice on a regimen of both dehydration and fasting. The body weight decreased to 60.0±3.5% and the number of inclusion bodies fell to 484± 169 (Fig. 2) .
When mice were immersed in a cold bath (at 20° C), the body weight decreased to 97.3± 1.7% in 4 hrs, and to 94.7±2.2% in 8 hrs. This was probably due to the excretion of all feces and urine under stress, and the number of inclusion bodies gradually decreased to 1,322± 170 and 1,257± 157, respectively.
After injecting reserpine (5 mg/kg) twice intraperitoneally into mice, the quantitative changes in the inclusion bodies were observed. One day after two injections, the body weight decreased to 76.0+2.0°0, and the number of inclusion bodies showed the highest decrease at 589+ 151 (Fig. 3) . Thereafter, the number gradually recovered to 972±313 in three days, and in six days rose to the highest level of 2,329, showing two to three inclusion bodies smaller than those in the normal condition.
In 9 to 12 days, the smaller inclusion bodies appearing in the cytoplasm more closely approximated in number and size those at a normal time; and in 15 to 18 days, the number and size reached the normal levels ( Table 2 ). The body weight began to regain the preexperimental level 8 days after the injection.
After two injections of i-methyl-p-tyrosine (75 mg/kg), an inhibitor of monoamine synthesis, the animals were weakened physically, as with the administration of reserpine. Body weight decreased to 84.7±6.1°0, and the number of inclusion bodies fell to 1,092+ 293. Since this reagent is not soluble in saline, a very small volume of 1N-HCl was added to make a suspension.
After giving nialamide, a monoamine oxidase inhibitor, the body weight decreased to 92.9 ± 6.20, and the number of inclusion bodies dropped to 1,274±303, slightly less than the control levels.
After the administration of insulin (400 U/kg), the animals were sedated for a few minutes, but they recovered immediately.
The body weight increased slightly to 103.5 ± 3.7%, but the number of inclusion bodies remained unchanged at 1,403± 143.
After administration of protein synthesis inhibitors such as cycloheximide (100 mg /kg, Fig. 4~ , cephalexin (75 mg/kg) and puromycin (200 mg/kg), the body weight decreased to 89.2 ± 4.2%, 88.2 ± 5.1% and 95.7 ± 3.7%, respectively, and the number of inclusion bodies fell to 803+201, 990±263 and 1,154±167, respectively.
However, streptomycin sulfate (500 mg/kg) slightly increased the body weight to 103.4±4.7°0, and the number of inclusion bodies to 1,513 ± 230. Table 2 . Action of reserpine injection on number of inclusion bodies Reserpine was injected (i.p.) 5 mg/kg each in 2 succesive days. 1-18 days represent periods after 2nd injection.
Actinomycin D (1.33 mg/kg) and mitomycin C (5.2 mg/kg), both inhibitors of nucleic-acid synthesis, caused a decrease in body weight to 91.2±3.6% and 89.0±7.0%, respectively, whereas the number of inclusion bodies remained 1,468± 136 and 1,430 + 171, quite similar to the control animals.
DISCUSSION
Research on quantitative changes in inclusion bodies has been undertaken by several investigators, by putting the animals in a state of dehydration and castration, under the influence of certain drugs (OZAKI, 1968; KORFSMEIER, 1970; KISHI, 1972; NORSTROM and HANSSON, 1973; SANTOLAYA, 1973; TAKEUCHI and TAKEUCHI, 1982) . However, since these researchers examined the quantitative changes electron microscopically, overall accuracy may not be so high. The finding that the inclusion bodies in the cytoplasm of the locus coeruleus in rats was obtained electron microscopically by SHIMIZU and IMAMOTO (1970) , GROVES and WILSON (1980) , but they did not deal with quantitative matters.
Reports on the occurrence of inclusion bodies in the mouse locus coeruleus are unavailable in previous literature, and the present authors are the first to observe them in ddY mice. The inclusion bodies in the locus coeruleus already existed in late fetal life, and the number of inclusion bodies in the unilateral locus coeruleus in adult mice did not show any sex or locational difference on the right or left side. Moreover, a great number of inclusion bodies was noted in the inbred strains of mice, as in the ddY Strain (KATOH, 1982a, b, c, d; KATOH and SHIMIZU, 1982b) .
When mice were kept in a state of dehydration and fasting, the most marked decrease in the body weight and the most evident decrease in the number of inclusion bodies were simultaneousely observed. In the order of fasting, dehydration and stress, the number of inclusion bodies showed a similar decrease.
These findings suggest a possible correlation between the maintenance of body weight and the number of inclusion bodies.
As reported earlier by the present authors (KATOH and SHIMIZU,1982b) , the inclusion bodies were found in many regions other than the locus coeruleus (i.e., hypothalamus, other autonomic regions, limbic system), suggesting a relationship with biogenic amines. Accordingly, it is quite interesting to observe the changes in inclusion bodies by altering the body catecholamines.
Reserpine sedated the mice and caused diarrhea, making them so weak that they were unable to take feed and water. Therefore, the decrease in the number of inclusion bodies may have been caused secondarily by dehydration and fasting.
Judging from the quantitative changes in inclusion bodies for 18 days after reserpine administration, the inclusion bodies are presumably consumed when a living organism is exhausted and falls into a crisis, small inclusion bodies appear in a great number in the cytoplam during the recovery process, and their size and number return to normal levels when the body recovers completely, to be stored in the cytoplasm.
Since c-methyl-p-tyrosine inhibits catecholamine-synthesis, the quantities of amines decreased, but the extent of decrease was not so high as when reserpine was administered, but the animals were similarly weakened.
However, when reserpine and ~-methyl-p-tyrosine did not weaken the animals and their body weight was not reduced, the number of inclusion bodies was not noticeably affected.
On the other hand, nialamide, which has an action opposite to that of reserpine, caused a decrease in the body weight in all animals, and a decrease in inclusion bodies generally resulted. However, inclusion bodies became more numerous in many mice. Thus, the relation between the inclusion bodies and monoamines cannot necessarily be denied.
Insulin acts directly on the feeding center of the hypothalamus, and reduces the blood glucose level (SZABO and SZABO, 1975a, b) , so its influence was examined in the present experiment.
However, no such influence on the inclusion bodies in the locus coeruleus was noted. In another experiment on hormonal changes, castrated mice were raised for 7 to 30 days, but their body weight increased steadily and the number of inclusion bodies was unchanged (KATOH,1982c) .
Finally, in light of earlier reports showing that inclusion bodies are composed of proteins and RNA (GRILLO, 1970; SANTOLAYA, 1973; HINDELANG-GERTNER et al., 1974; TAKEUCHI and TAKEUCHI, 1982; KATOH and SHIMIZU, 1982b) , several synthesizing inhibitors were administered in the present experiments in order to observe the resultant changes. When cycloheximide and puromycin are administered directly to the brain, they are said to inhibit protein synthesis markedly (FLEXNER and FLEXNER, 1966; BARONDES and COHEN, 1967) .
The authors administered not only these drugs but also cephalexin, intraperitoneally. They found that the body weight decreased, but the sedative state which usually occurs when reserpine is administered did not occur, and the animals maintained their feed and water intake. It was further observed, however, that the number of inclusion bodies decreased considerably in accordance with the decrease in body weight .
After the administration of streptomycine sulfate, on the other hand, the body weight increased somewhat, and the number of inclusion bodies also, without affecting much the locus coeruleus cells.
After the administration of the inhibitor of nucleic-acid synthesis, the animals were inactivated, and considerable body weight was lost. Judging from the present findings, the number of inclusion bodies was thought to be considerably decreased , but the actual results were almost the same as those of the control animals.
It is not as yet clear actinomycin D and mitomycin C have any effect on brain cells (e.g., because there is no passage through the blood-brain barrier), whether the inclusion bodies have no relation with RNA or deoxyribonucleic-acid (DNA) , or whether the outcome depends upon the mode of administration.
Consequently, it may be necessary to examine further the results by changing the modes of administration, dosages and frequencies of administration.
It may be concluded from these discussions that the condition under which the number of inclusion bodies is reduced may inactivate the animals, cause loss of appetite and body weight.
This has led the author to infer that there must be some correlation between the decrease in the number of inclusion bodies and the loss of body weight.
The latter may well be attributed to the loss of water in the body and the decrease in some solid substances, but it is interesting that the decrease in the body weight due to inhibitors of protein-synthesis (cycloheximide and puromycin) was accompanied by moderate simultaneous decrease in the number of inclusion bodies.
